Abstract-Nanoindentation
I. INTRODUCTION
In the printing industry, offset printing is in the lead with a share of around 65 to 70﹪. And the offset press is the most widely used printing machine in the world [1] . The schematic diagram of offset press is shown in Fig .1 . The offset press is composed of such parts: dampening unit, inking unit, plate cylinder, blanket cylinder and impression cylinder. The sheet-shaped plate is mounted on the plate cylinder. And a rubber blanket is also installed on the blanket cylinder. During the printing process, at first the dampening unit transport fountain solution from the solution pan to the plate cylinder, then the inking unit transport ink from the ink fountain to the plate, and the plate cylinder transport the mixture of ink and solution to the blanket cylinder which in succession transfers the image to the paper [2] .
In order to guarantee the good quality of printed goods in the color consistency and promote the intellectualized level of offset press, getting the precise ink transfer rule is very important. But this ink transfer rule has not been got because the contact in offset machine belongs to viscoelastic contact which is a complex problem [3, 4] . The viscoelastic behavior of offset blanket got from mechanics experiments will contribute to the research on this viscoelastic contact. And nanoindentation technique is suit to study the mechanical properties and the viscoelastic behavior of flaky materials, very small structures and functionally graded materials [5] . In the paper, the creep compliance of offset blanket is measured by nanoindentation for the offset blanket is just a flaky material. For linearly elastic indentation problem, Sneddon [6] derived the indentation load-displacement relation by spherical indenter as follows   32 8 31
where P is the indentation load on a spherical indenter, R is the radius of the sphere of the spherical indenter,  is the Poisson's ratio, G is the shear modulus, and h is the indentation depth of the spherical indenter tip into the sample material.
In the indentation of a rigid indenter to a half-space composed of a linearly viscoelastic material, the contact is a quasi-static boundary value problem with moving boundary between the indenter and the half-space [7] . In other words, the contact area between the indenter and the half-space can change with time. To this problem, Lee and Radok [8] 
where J(t) is the creep compliance in shear at time.
If the indentation load is     
where J 0 , J 1 ,…JＮ are compliance numbers, τ １ ,τ 2 , … τ N are retardation times, and N is a positive integer [9] . Substituting Equation (4) into
Since P(t) =a 0 t , Equation (5) can be rewritten as
Therefore the creep function J(t) and the experimental data would be connected with Equation (6).
III. EXPERIMENTAL PROCEDURES
Experiments were performed using a Nano
Test system with standard diamond spherical indenters (R=400 micron), supplied by MicroMaterials Ltd., Wrexham, UK [10] . The sample of offset rubber blanket was cut to 30× 30mm square shape and cleaned by pressure gas.
All nanoindentation tests were performed at room temperature 23℃ and humidity 50% .
After the blanket samples were mounted in the indenter, controlled indentation load was applied (P(t)=0.01t mN), and the indentation load and indentation depth were recorded simultaneously. So we can get the load-displacement curve of the blanket sample.
Then we can fit Equation (6) into the load-displacement experimental curve to find a set of the best-fit parameters J 0 , J 1 ,…JＮ and τ １ ,τ 2 , … τ N . And we can determine the creep function by substituting these parameters into Equation (3). In the experiment, two brands of offset rubber blankets were used which named blanket A and blanket B respectively.
IV. RESULTS AND DISCUSSION
We fit the load-displacement experimental curves to Equation (6) 
Where J(t) is the creep compliance in shear in 
These two creep functions are plotted in Fig .3 . 
